The site fidelity of mummichogs (Fundulus heteroclitus) within the upper Miramichi River estuary, New Brunswick, Canada, was investigated to assess the value of using this fish as a sentinel species for monitoring effects of point source anthropogenic effluents such as pulp and paper mill effluent. 
Introduction
Amendments made to the federal Pulp and Paper Effluent Regulations in 1992 require Canadian mills discharging effluent into aquatic receiving environments to conduct an Environmental Effects Monitoring (EEM) Program. This monitoring program was designed to be conducted in three-year cycles and was intended to assess the effectiveness of the amended effluent regulations in protecting fish, fish habitat and the use of fisheries resources (Courtenay et al. 2002) . Following problems with catching sufficient fish that were reliably exposed to effluent during EEM Cycle 1 fish surveys (1993) (1994) (1995) (1996) , a Fish Survey Expert Working Group recommended the use of small-bodied sentinel species in Cycle 2 fish surveys (1997-2000) (Munkittrick et al. 1997) . The mummichog (Fundulus heteroclitus) was suggested as a potential sentinel species for mills discharging into Atlantic coastal and estuarine waters (Courtenay and Couillard 1998) .
One of the main criterion for a sentinel species of point-source impacts is low mobility to ensure maximum exposure to a specific receiving environment (e.g., Gibbons et al. 1998a,b) . For Canadian pulp and paper EEM fish surveys, fish found within effluent plumes having concentrations equal to or greater than one percent, are considered exposed (Environment Canada 1998) . Such plumes in dynamic estuarine and coastal waters can be small, on the order of hundreds of metres, even for pulp mills discharging large volumes of effluent. Several pulp and paper mills along the Atlantic coast of Canada selected the mummichog for monitoring based on its availability in the receiving environment. The results of mark-recapture studies suggest low mobility in populations from the central part of the species range in the eastern United States. Lotrich (1975) reported a 36-m home range for mummichogs in a Delaware salt marsh tidal creek and Sweeney et al. (1998) found mummichogs in a New Jersey salt marsh tidal creek to move distances <650 m.
Mummichogs were used successfully as a sentinel species for Cycle 2 fish surveys at three Atlantic Canadian pulp and paper mills in northern New Brunswick between 1997 and 2000 (Courtenay et al. 2002) . However, while sampling at mills discharging into the Miramichi and Restigouche river estuaries, consultants noted that mummichogs could only be captured immediately preceding and after high tides (Jacques Whitford Environmental Ltd. 2000a,b) . These observations led the consultants to speculate that northern populations of mummichogs may not be as site-specific as those studied along their central distribution because movement offshore into river channels with falling tides could result in advection hundreds to thousands of metres downstream (Jacques Whitford Environmental Ltd. 2000a,b) . If northern populations were thereby mobile, either actively or passively, then their exposure to point-source effluents in these large rivers and their value as biosentinels might be minimal.
This situation led to a re-evaluation of the previous assumption of low mobility in mummichogs. On closer examination, it appeared the previous mummichog movement studies were of limited relevance to areas such as the Miramichi River estuary (MRE) which has a very different tidal amplitude and size. Of the markrecapture studies cited above, Lotrich (1975) is the more comprehensive but the section of creek studied had a tidal amplitude of 0.3 to 0.6 m which is not comparable to the 2-m tidal amplitude encountered in the MRE (Reinson 1977) . Also, while the salt marsh examined by Sweeney et al. (1998) had a tidal amplitude more comparable to the MRE (>3 m), it and the study by Lotrich (1975) were conducted in the tidal creeks of salt marshes. The MRE by contrast, is fed by two major rivers: the Northwest Miramichi and Southwest Miramichi, with respective drainage areas of 3900 and 7700 km 2 (Chiasson 1995) ; monthly discharges ranging from 86 m 3 s -1 in August to 620 m 3 s -1 in May (Rashid and Reinson 1979) ; and a 10-m deep channel that can occupy up to half its width (Lafleur et al. 1995) . Therefore, the tidal creeks from the previous studies do not accurately reflect the physical conditions encountered in the MRE. As such, neither of these studies is adequate for inferring the potential distances moved by mummichogs in the MRE.
Furthermore, analyses of genetic differentiation in mummichog populations across the species' distribution suggest their rates of dispersal may be significantly larger than previously thought; possibly occurring over a scale of kilometres (Brown and Chapman 1991) to tens of kilometres (Mulvey et al. 2002; Roark et al. 2005 ). Patterns of genetic variation which imply low site fidelity have similarly been described among mummichog subpopulations in the MRE separated by 35 km (Kirchoff et al. 1999) .
This information, combined with the observations made by consultants, caused the Canadian EEM National Science Working Group to classify the study of mummichog movement in Atlantic Canada as a research priority. This recommendation led to the creation of a project involving industry, Environment Canada, Fisheries and Oceans Canada and the University of New Brunswick. Our objective was to describe the spatial and temporal movement patterns of mummi- 
Materials and Methods

Study Area
This study was conducted in the upper Miramichi River estuary (MRE), located in northeastern New Brunswick, Canada ( Fig. 1) . The Miramichi River catchment has an approximate area of 14,000 km 2 and measures 95 km north to south and 190 km east to west. River flow throughout the catchment averages 306 m 3 s -1 and may vary from 25 to 6000 m 3 s -1 . The estuary is subject to mixed semi-diurnal tides with a tidal range between 0 and 2 m (Reinson 1977) , exposed to a freshwater inflow of 5 to 10% of the volume of incoming tide water (Chiasson 1995) , and ice covered from mid-December to early April. Salt water intrudes into the upper estuary as a salt wedge, the upper extent of which varies in position with lunar tide and freshwater discharge, being downstream of the study area in early spring and far upstream of the study area in summer. Fig. 1 ). Mummichogs in the MRE were distributed ~5 km upstream of these sampling sites. The effluent of the BKPM is subject to secondary treatment and the 1% effluent plume for the BKPM has been shown to move 1400 m upstream and 1700 m downstream from the outfall with flood and ebb tides, respectively (Jacques Whitford Environmental Ltd. 2004; Fig. 1 ). Fish were collected biweekly from May 23 to August 30, 2002 , by beach seine (20 m in length, 1.5 m in height, 5-mm mesh size) approximately 1.5 h before and after peak high tide. Collections were also made using minnow traps (6.35-mm mesh size) baited with cat food set during the same periods and left until at least the next high tide. Beach seining and minnow trapping were carried out at SM when it was accessible, approximately 1.5 h before and after low tide.
Fish Collection and Marking
Captured fish were transferred immediately to an aerated holding tank and then to a 15-L bucket for anesthesia with tricaine methanesulfonate (160 mg/L; Western Chemical, Ferndale, Wash., U.S.) until they exhibited a complete loss of orientation. Sex and total length (mm) were recorded and fish were marked bilaterally in one of four body locations with Visible Implant Elastomer (Northwest Marine Technologies, Inc., Shaw Island, Wash., U.S.) prepared according to manufacturer specifications. Marks were injected intramuscularly using a standard 1-cc insulin syringe and specialized hand injector (Northwest Marine Technologies, Inc., Shaw Island, Wash., U.S.). Generally, fish >30 mm TL were sampled to approximate the size of fish targeted during EEM surveys, and because specimens below this size were difficult to mark without causing mortality. Total handling time per fish was less than one minute for the marking process. After marking, specimens were placed in an aerated bucket until orientation was regained to aid in recovery from the effects of the anesthetic; they were then released back into the estuary. For this portion of the study, 5% of all marked fish were retained for a minimum of 48 h in an aerated, temperature-regulated holding tank to monitor mark retention and survival. These fish were not subsequently released into the estuary.
Each body-marking location corresponded to a specific site along the MRE: both sides of the dorsal fin origin (SM); behind both pectoral fins (CH); lateral aspect of the caudal peduncle on both sides (BKPM); or both sides of the anus (UFC). Fish were marked bilaterally to increase the number of colour combinations available and fish were marked with a different colour combination during each field excursion. This method allowed for the date that a particular fish was marked to be determined, providing an estimate of the time required for movement among sites. This procedure has been demonstrated not to negatively affect the growth or survival of mummichogs held up to 167 d (Skinner 2005) , or increase the risk of predation (Malone et al. 1999) .
Recaptures were attempted at the four marking sites and also at an additional five sites ( Fig. 1 ) along the MRE biweekly from May 27 to August 30, 2002, and then once per month from September to November, 2002. Recaptured specimens were distinctively remarked by marking the body location which corresponded to the site of recapture with a colour pattern which denoted the date captured. Fish recaptured at the same site multiple times had new marks placed adjacent to previous marks while fish recaptured at non-original marking sites were marked on the body location which corresponded to the site of recapture and were given an extra mark at a 45 o angle to these marks to distinguish between the original marking site and future recapture sites.
Biweekly recapture The length of river surveyed for marked fish from April to June, 2003, was expanded to ~10 km in an attempt to recapture mummichogs that might have overwintered at different locations (Fig. 1) . The rationale for this expansion was that if mummichogs had migrated to overwintering areas away from original marking locations, they might be recaptured at these areas or while migrating back to a summer home range. The portion of river surveyed was reduced to approximate the 2002 range in early July 2003 (Fig. 1 ).
Statistical Analyses
Length data were log-transformed and analyzed by t-tests using SYSTAT (ver. 10.2, SPSS Inc., Chicago, Ill., U.S.). Chi-square analysis was completed using MINITAB (ver. 14.12.0, MINITAB Inc., U.S.).
Results
Marking and Recapturing by Site
Between May 29 and August 30, 2002, 4123 marked fish were released into the upper MRE with the highest number marked at SM where fish were most vulnerable to sampling methods (Table 1) . Body lengths were normally distributed with mean lengths of 64.17 mm (13.44 mm SD; n = 1105) and 65.55 mm (12.24 mm SD; n = 959) for females and males, respectively. Mark retention was 100% for fish held for 48 h after marking (Table 2) . Overall survival for these fish was 89.1% (Table 2) .
Six hundred and thirty-nine fish (15.5% of those marked) were recaptured in 2002 and in 2003 (Table 3) . Body lengths were normally distributed with mean lengths of 72.87 mm (13.87 mm SD; n = 154) and 71.44 mm (12.86 mm SD; n = 268) for females and males, respectively. Recaptured fish of both sexes were significantly longer than marked fish of the same sex (females: t-stat = -4.497, p < 0.001, α = 0.05, df = 157; males: tstat = -9.957, p < 0.001, α = 0.05, df = 267). Eighty-two percent of recaptures were made within 12 weeks of the start of marking with the remainder recovered up to 72 weeks later (Table 3) . Twenty-five fish were recaptured twice and four fish were recaptured three times for a total of 29 multiple recaptures (Table 3) . Mummichogs from SM were almost twice as likely to be recaptured as mummichogs marked at other sites (20.1% compared to 9.2, 11.6 and 13.4%, at SM, CH, BKPM and UFC, respectively; Table 3 ). Recapture rates declined in 2003.
Movements of Marked Individuals
Mummichogs in the upper MRE displayed distinct site fidelity; 96.6% of marked fish remained within 200 m of original marking sites (Table 3) . From May to November 2002, and April to November 2003, 22 marked mummichogs (3.4%) moved distances greater than 200 m (Table 4) . No trends related to the size or sex of these fish were noted (Table 4) . Mean length of these 22 individuals was 76.60 mm (14.74 mm SD) and was not significantly different from the remainder of recaptured fish (71.96 mm, 13.24 mm SD) (t-stat = 1.662, p = 0.121, α = 0.05, df = 19). Each sex was also not found to move significantly more than another (χ 2 = 0.004, p = 0.951, α = 0.05, n = 422, df = 1).
No increase in the number of fish moved was noted between 2002 (68.2%) and 2003 (31.8%), suggesting inter-annual site fidelity (Tables 3 and 4) . Of the 22 fish found to move, more came from BKPM than any other site (41% of total) and this was a higher proportion of marked fish than at any other site (1.2% versus 0.3-0.7% at other sites). Most movement occurred along the northern shoreline between BMPM and Strawberry Marsh ( Fig. 2B and C ; Table 4 ).
Discussion
Intensive marking and recapturing of mummichogs during two successive ice-free seasons (May to November) supported previous findings from mark-recapture studies that this species has generally high site fidelity, even in larger estuarine systems such as the Miramichi River. Sweeney et al. (1998) noted the movements of marked mummichogs in Massachusetts tidal creeks were not greater than 650 m from point of release while Murphy (1991) found ~85% of marked mummichogs remained in the same panne within a Maine salt marsh. Through repeated field experiments, Lotrich (1975) consistently found that the majority of mummichogs (>60 mm TL) marked and released were found within a 36-m home range in Delaware tidal creeks, with the greatest distance moved being 375 m by just three fish. Teo and Able (2003) concluded that mummichogs in a restored New Jersey salt marsh have a maximum areal home range of ~15 ha during high tide which corresponded to a linear home range of ~500 m. The high rate of recapture (96.6%) within 200 m of the point of their release in the current study corroborates previous studies and indicates that no substantial movement of mummichogs occurred within the upper MRE. The mean lengths of recaptured fish of both sexes were significantly larger than those of marked fish; 8.70 and 5.89 mm for females and males, respectively. These modest differences appear to be due to growth during the period of study, as recapturing attempts continued more than one year after marking ceased. Growth rate results from a 167-d laboratory experiment demonstrated mummichogs in these size classes have mean daily growth rates between 0.07 and 0.11 mm day -1 (Skinner 2005) . Assuming the same period for growth was available in the field, the differences noted are still lower than the demonstrated growth potential of mummichogs. Thus, it appears little evidence exists of size-selective mortality.
Fish retained immediately after marking in the field had 100% mark retention and 89.1% survival (Table 2) . This is in accordance with Skinner (2005) who observed mummichogs marked and held under laboratory conditions for 167 d had 100% mark retention and mean survival of 90.8%. During the current study, mortalities occurred when aeration or chilling failed on days with high temperatures or when accidentally killed (i.e., crushed during handling not related to marking). These rare events aside, all fish survived and we have no evidence of mortality from the marking procedure.
During this study, 22 of the 639 recaptures occurred at locations 600 to 3600 m away from the original marking sites (mean = 2023 m; Table 4 ). No trends related to the size or sex of these fish were noted (Table 4) . Although fish may display altered movement patterns in response to exposure to pulp mill effluent (Kelso 1977) , only two study sites (BKPM and U-Haul) were located inside of the area considered exposed to effluent (<1% effluent concentration; Fig. 1 ). As such, this was felt not to have influenced the results of the current study. Further, while salinity can influence fish movements, the areas sampled were within a similar range of salinity (1.7-7.6 ppt). Also, the salinity in this area was well within the range of physiological tolerance of this species, as this fish can be found in habitats with salinities ranging from 0 to 35 ppt and are physiologically adapted to withstand acute salinity fluctuations (Abraham 1985) . It is plausible these movements may be due to intraspecific competition for food or reproductive resources. Kneib (1981) demonstrated density-dependent responses in growth, fecundity and escape from experimental enclosures from mummichogs ranging in size from 40 to >70 mm TL. Based on these results, it would have therefore been expected that Strawberry Marsh would have had the highest number of mobile fish, as the highest mummichog densities were observed at this location during the current study. Although this was not the case in the current study (Table 4 ; Fig. 2A ), resources at the Strawberry Marsh may not have been limited at the given mummichog densities or other factors may have been at work. Gerking (1958) states "stray fish" should be expected in any movement study as a consequence of biological variation within a given population. In all populations, it is this variant mobile behaviour that leads individuals to disperse to new locations or recolonize areas previously vacated due to natural disturbance or biotic interactions (Gerking 1958) . As such, the movement of these 22 mummichogs may simply be explained as being due to variant behaviour and not some other specific mechanism. Future research is required to address the issue of intraspecific competition on mummichog movements. Deaths presumably due to holding conditions when aeration or chilling failed on days with high temperatures or when accidentally killed (i.e., crushed during handling not related to marking).
Studies which have examined genetic variation among sub-populations of mummichogs have yielded similar observations of mobile individuals (Brown and Chapman 1991; Kirchoff et al. 1999; Mulvey et al. 2002; Roark et al. 2005) . In these studies, estimates of migration potential (Nem), derived from FST values (a measure of inbreeding) or their analogues, have ranged from 3 to 125 individuals per generation over distances of 35 km. Specific to the MRE, two sites separated by 35 km had Nem values of 50 and 8 for 1994 and 1995, respectively (Kirchoff et al. 1999) . Caution must be exercised in the interpretation of this gene flow as evidence of substantial mummichog mobility over such distances. Slatkin (1985) states immigration of an individual once every second generation is sufficient to prevent genetic drift through genetic differentiation. Further to this, Couillard and Nellis (1999) analyzed mummichogs from the same locations as Kirchoff et al. (1999) for organochlorine chemical concentrations and demonstrated clear differences in the patterns and levels of contamination between sites. Thus, while it is possible that a small proportion of a given population or sub-population of mummichogs may be capable of travelling tens of kilometres, the impact of this on the ability of that group to reflect local environmental conditions is quite low considering the site fidelity of the majority of individuals. That being said, further studies examining mummichog movement in the MRE over a wider spatial scale would be desirable.
The results of previous studies suggest this high incidence of site fidelity may be due to the availability of suitable habitat for reproduction, feeding and predator avoidance. During the spawning season, female mummichogs lay their eggs among intertidal vegetation at levels only reached by high spring tides (Taylor and DiMichelle 1983) . Mummichogs in the upper MRE were found in abundance only where this vegetation existed before, during and after the spawning period (pers. obs.), thus highlighting their dependence on this habitat for feeding and predator avoidance (Vince et al. 1976; Heckert et al. 1999) , as well as reproduction. Teo and Able (2003) noted that the 15-ha home range observed constricted as the water level receded from the marsh surface. Mummichogs in that study restricted their movements to a shallow section of sub-tidal creek less than 200 m long and the authors concluded that this limited movement was due to the presence of predators such as striped bass (Morone saxatilis) and Atlantic croaker (Micropogonias undulatus) downstream. These predators actively feed on mummichogs from this marsh when available (Tupper and Able 2000; Nemerson 2001 ) yet, for the most part, are unable to enter this shallow creek section. Similar observations were made at Strawberry Marsh during the current study. During low tide, mummichogs were found to aggregate in the shallow creeks and pools in groups consisting of up to tens of thousands of individuals (pers. obs.). While potential predators such as striped bass and Atlantic tomcod (Microgadus tomcod) are present in this region of the MRE for extended periods (Hanson and Courtenay 1995) , none were ever observed or captured on the marsh surface (pers. obs.) perhaps because they were physically unable due to very shallow depths. These results and those of previous studies suggest that mummichogs remain in areas of suitable habitat and these areas are defined, at least in part, by the shallow depths and associated presence of appropriate vegetation for feeding, reproduction and predator avoidance. With regard to movement, Gibson (1988) describes intertidal fishes as being either residents or visitors, with mummichogs being classified as the latter, as many studies have noted adult mummichogs retreat from the intertidal zone as the tide ebbs and take refuge in deep intertidal pools and subtidal creeks (Butner and Brattstrom 1960; Weisberg et al. 1981; Kneib 1984 Kneib , 1987 Kneib and Wagner 1994) . These studies, however, were conducted in salt marshes rather than the upper river portion of an estuary as was the case in the current study. As such, some similarities and differences were noted. Mummichogs at Strawberry Marsh were consistently found in shallow tide pools during low tide as was expected due to the similarity of this location to the habitats sampled in the previous studies. Conversely, mummichogs at all remaining locations were only captured in significant numbers just before, during and immediately after high tide, as also noted by consultants during Cycle 2 fish surveys at sites BKPM and UFC of the current study (Jacques Whitford Environmental Ltd. 2000b). These differences are most likely due to the difference in topography among marshes and the main estuary. Specifically, depressions allowing for the formation of tide pools were only present at Strawberry Marsh and no intertidal creeks exist at the remaining sites sampled. As such, the only option for mummichogs retreating from the intertidal zone during ebb tide is to move into the main body of the estuary. Thus, previous observations of the low tide behaviour and position of mummichogs are of limited applicability in this system. These findings do not support the hypothesis that mummichogs are being advected great distances during the tidal cycle (Jacques Whitford Environmental Ltd. 2000b) . First, if the advection hypothesis was correct, it would have been expected that the position of marked mummichogs in the estuary at high tide would fluctuate due to the variance in tide height. One would expect those fish, or a large proportion of them, to be displaced some distance downstream. This was not the case during this study as marked mummichogs were consistently found within 200 m of their original point of release (Table 3) .
Second, had these fish been advected downstream with the falling tide, large proportions of fish marked at upstream sites (e.g., BKPM and/or UFC) would have been expected to be captured by seining or minnow traps at downstream sites (SM and/or CH) during low tide. No such proportions of mobile fish were captured. For instance, Strawberry Marsh was sampled exclusively at low tide; therefore, the proportion of mobile fish recaptured at this site would have been expected to be much higher than noted (Table 3) .
Lastly, the absence of mummichogs from most sites in the MRE during low tide periods and their consistent reappearance at the same sites during rising tides also discredits the concept of significant tidal displacement. Following the advection hypothesis, one would be forced to explain the disappearance and subsequent reappearance as being due to mummichogs returning to the marking sites after being displaced by tidal currents. However, it would not seem energetically efficient for small-bodied fish to migrate great distances (i.e., 600-3600 m) to these sites twice daily as they would surely be exposed to other suitable habitat along the way. Instead, this observed reappearance suggests mummichogs in the MRE may be maintaining position offshore during low tides while avoiding the fast flow of the river channel.
Many studies on various species of fish have demonstrated distinct home ranges and the role of homing mechanisms to maintain these ranges (summarized by Gerking 1958; Gibson 1986) . For mummichogs, this may be accomplished by retreating from shore yet avoiding the river channel; moving to the river channel but seeking refuge from the current along the substrate in a manner similar to eels (Davidson 1949) ; or some combination of the two behaviours. However, attempts to test the prediction that mummichogs in the MRE were moving offshore with the falling tide while avoiding the river channel were fruitless as mummichogs could not be captured in any abundance during low tide. The lone exception was Strawberry Marsh, which provided no insight into this question as it was isolated from the higher water velocity of the main river channel. Minnow traps set at depths of 1 to 3 m up to ~50 m offshore during low tides as the remaining sites failed to capture mummichogs (unpublished data). During these low tide trapping periods, repeated attempts were made to capture mummichogs along the entire study area (~10 km) by seine. However, mummichogs moving as little as 5 m offshore during low tides would be residing in areas too deep for beach seining at most sites along the MRE. Morrison et al. (2002) , using beach seines and outrigger trawls in an estuarine mudflat, noted a number of fish species were concentrated in areas adjacent to deep channels. Thus, the inability to capture mummichogs by seine in shallow areas and minnow traps in deeper water at low tide suggests they may have moved to deeper areas but are not susceptible to minnow traps, perhaps because they were higher in the water column. Increased fishing effort with alternative gear types will be needed to fully address the question of mummichog location during low tide.
While these results demonstrate the need for further work on the location of mummichogs during low tide, the most important matter of this study is the duration of exposure of mummichogs to pulp mill effluent. In the MRE, the 1% effluent plume for the BKPM has been shown to move 1400 m upstream and 1700 m downstream from the outfall with flood and ebb tides, respectively (Jacques Whitford Environmental Ltd. 2004; Fig. 1 ). Whether the fish remain near the mill outfall or are advected with the tides, it is reasonable to assume mummichogs in the MRE would be constantly exposed to ≥1% pulp mill effluent throughout the tidal cycle. As previously mentioned, 96.6% of mummichogs recaptured during this study were found within 200 m of the point of original release. Therefore, if mummichogs in the pulp mill receiving environment (e.g., at the BKPM outfall) are being advected with tides and homing back to that site, they would be continuously exposed as they and the effluent would be moving together with the tide. In the alternative and more probable scenario, mummichogs are moving just a few metres offshore into deeper water during falling tides and remain within the effluent plume as they are not leaving the outfall site. Thus, mummichogs in the MRE are consistently found in very high abundance in areas considered small relative to the size of the 1% BKPM effluent plume, and therefore, with regard to mobility, are a suitable sentinel species for use in environmental monitoring in this area.
During this study, areas requiring research were identified in addition to those mentioned above. While marked mummichogs were consistently found within 200 m of original marking sites in the MRE, even more than one year after being first marked; the location and sitefidelity of mummichogs during winter months was not described. Catch-per-unit-effort (CPUE) of mummichogs was observed to decrease to zero during the months of December 2002 to April 2003 (unpublished data). The subsequent recapture of marked fish within 200 m of original marking sites beginning in May 2003 suggests inter-annual site fidelity; however, their overwintering behaviour in the MRE remains unknown. Previous studies on mummichog overwintering behaviour from various habitats have described movement upstream (Fritz et al. 1975) , downstream (Chidester 1920) , into deeper water (Halpin 1997) and burrowing into the substrate (Chidester 1920; Smith and Able 1994) . Thus, the fact that there is such contradiction in the scientific literature regarding mummichog overwintering demonstrates the need for further research on this topic.
The results of this study, like those of Lotrich (1975), Sweeney et al. (1998) and Teo and Able (2003) clearly demonstrate that mummichogs display distinct site fidelity. Excluding fluctuations noted in the distances moved by a few individual fish in this study and others, mummichogs occurring in greatly varying habitats throughout their range of distribution all exhibit similar site-specific behaviour, whereby very large proportions of the populations examined reside in discrete areas. As such, it would appear populations of F. heteroclitus sampled at any site should accurately reflect local environmental conditions and, therefore, be useful in environmental monitoring programs.
